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(54) PLASMA DEVICE 

(57)Abstract: 

PURPOSE: To produce high-activity plasma by a 
method wherein in a plasma device of a structure, 
wherein while a plasma producing chamber and a 
sample chamber connected to this plasma producing 
chamber are subjected to pressure reduction, gas is fed 
in both chambers, the plasma is led to the periphery of a 
sample in the sample chamber and this sample is 
treated, the gas is evacuated from the plasma producing 
chamber. 

CONSTITUTION: While reaction gas is fed in a plasma 
producing chamber 1 and a sample chamber 3 through 
gas feed pipes 1c and 3a, the interiors of the chambers 1 
and 3 are evacuated by an exhaust device 5 through an ; 
exhaust tube 5a to hold the necessary degree of 

vacuum. A magnetic field is formed, by exciting coils 14 and 15. Simultaneously with that, a 
high-frequency electric field using a microwave is applied to the chamber 1 through a 
microwave introducing window 1a to make plasma produce. The produced plasma is led from 
the chamber 1 to the periphery of a sample S in the chamber 3 by a divergent magnetic field, 
which is formed by the coils 14 and 15, and an etching treatment is performed on the .surface 
of the sample S. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma equipment which manufactures a ' 
semiconductor device or an electronic ingredient using the plasma generated by electron cyclotron 
resonance excitation using microwave. 
[0002] 

[Description of the Prior Art] The plasma equipment using a electron cyclotron resonance (it is called 
Following ECR) can generate the plasma with high ionization degree with low gas pressure, and 
extensive selection of ion energy is possible for it, and since it has an advantage, such as excelling in the 
directivity and the homogeneity of ion, its research and development are advanced to processes, such as 
thin film formation, etching, etc. in manufacture of a high integrated semiconductor component, as an 
indispensable thing. 

[0003] Drawing 7 is the typical sectional view showing conventional ECR plasma equipment, and one 
in drawing is a cylinder-like plasma production room. The sample room 3 is connected [ room III 
plasma production ] caudad. The plasma production room 1 equips with plasma drawer aperture lb the 
location which counters microwave installation aperture la closed with the quartz-glass plate 4 in the 
center of an up wall with said microwave installation aperture la in the center of a lower wall which is a 
boundary with the sample room 3 again, respectively, in gas supply line lc which supplies reactant gas 
to an up wall periphery side, projects the tip in the plasma production room 1, and has connected it. The 
end section of the waveguide 2 which the end of the waveguide 2 which connected the other end to the 
microwave oscillator (not shown) is connected to said microwave installation aperture la, and was 
connected to the perimeter of the plasma production room 1 and this is covered, and the exiting coil 16 
is concentrically arranged with these so that these may be surrounded. 

[0004] In the sample room 3, the installation base 9 is arranged in plasma drawer aperture la and the 
location which counters, and the samples S, such as a wafer, are laid removable with means, such as 
remaining as it is or electrostatic adsorption, on it. Moreover, exhaust pipe 35a which stands in a row in 
gas supply line 3 a and the exhauster 35 which supply reactant gas to the side attachment wall of the 
sample room 3 It connects, respectively. 

[0005] It is exhaust pipe 35a, supplying reactant gas to the plasma production room 1 and the sample 
room 3 through gas supply lines lc and 3a, when processing Sample S with such plasma equipment. 
Lead, exhaust the inside of the plasma production room 1 and the sample room 3 with an exhauster 35, 
and a necessary degree of vacuum is held. While forming a field with an exiting coil 16, impress the RF 
electric field by microwave to the plasma production room 1 from microwave installation aperture la, 
and the plasma is made to generate. Draw the generated plasma on the outskirts of sample S in the 
sample room 3 from the plasma production room 1 by the emission field formed with an exiting coil 16, 
the surface reaction by the ion radical particle in a plasma style is made to occur on a sample S front 
face, and membrane formation, etching, etc. are processed on a sample S front face. 
[0006] 
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[Problem(s) to be Solved by the Invention] By the way, if it is in such conventional equipment, since 
exhaust air of a plasma production room and the sample interior of a room is performed through the 
exhaust pipe linked to a sample room, when gas pressure the plasma production indoor at the time of 
performing plasma treatment and sample indoor is measured, the pressure of a sample room is lower 
than the pressure of a plasma production room. On the other hand, in order to perform good plasma 
treatment to a sample, electron temperature can be high, it is necessary to generate the high activity 
plasma with a high degree of dissociation by ECR excitation, and this can be generated by making low 
gas pressure of the plasma production interior of a room below at a necessary value. 
[0007] however, JAPANESE JOURNAL OF APPLIDE PHYSICS VOL.28 and No. as indicated by 5, 
1989, and pp 897-902 (henceforth reference) If the gas pressure of the sample interior of a room 
becomes lower than lxl0-3Torr, the plasma consistency of the sample interior of a room will fall. It was 
conventionally [ to which it is known that the processing speed of a sample falls, therefore the gas 
pressure of a sample room becomes low from a plasma production room ] difficult to process a sample, 
without generating the high activity plasma in equipment, and reducing processing speed. It is in this 
invention being made in view of this situation, and the place made into the purpose offering the plasma 
equipment which generates the plasma with high activity, without reducing the processing speed of a 
sample by making the gas pressure of a plasma production room fallfrom a sample room. 
[0008] 

[Means for Solving the Problem] It is characterized by supplying gas to both **, decompressing the 
sample room it connected [ sample / this invention / equipment / to apply / plasma ] at a plasma 
production room and this if it was in this invention, drawing the plasma generated at said plasma 
production room using the electron cyclotron resonance on the outskirts of a sample of said sample 
interior of a room, and having made in the plasma equipment which processes this that said gas should 
be exhausted from said plasma production room. 
[0009] 

[Function] Increasing with the fall of gas pressure as the electron temperature of the plasma using ECR 
is indicated by said reference is known. This is because an electronic mean free path becomes long with 
the fall of gas pressure and the time amount by microwave accelerated becomes long. If electron 
temperature increases, the rate of a neutral particle dissociated by the collision with other electrons will 
increase, and a degree of dissociation will increase. Moreover, although the generated plasma is led to 
the sample of the sample interior of a room by the emission field, since it increases with increase of 
electron temperature, if the anisotropy of the ion which acts on a sample improves, and high ECHINGU 
of an anisotropy becomes possible in etching and the acceleration energy by this emission field is in 
membrane formation, it can form membranes in a narrow pattern. 

[0010] Although the processing speed of a sample will fall on the other hand if the gas pressure of the 
sample interior of a room becomes lower than lxl0-3Torr like the above-mentioned Since it has made in 
the plasma equipment concerning this invention that gas should be exhausted from a plasma production 
room, electron temperature ~ high -- high - in order to generate the activity plasma, even if it makes 
low gas pressure of the plasma production interior of a room, by the exhaust back pressure between a 
plasma production room and a sample room, the gas pressure of a sample room can be kept higher than 
that of a plasma production room, and the fall of the processing speed of a sample can be suppressed. 
[0011] 

[Example] This invention is concretely explained based on the drawing in which the example is shown 
below. Drawing 1 is the mimetic diagram showing the example which applied this invention as an 
etching system, and one in drawing is a cylinder-like plasma production room. The sample room 3 is 
connected [ room / 1 / plasma production ] caudad. The plasma production room 1 equips with plasma 
drawer aperture lb the location which counters microwave installation aperture la closed with the 
quartz-glass plate 4 in the center of an up wall with said microwave installation aperture la in the center 
of a lower wall which is a boundary with the sample room 3 again, respectively. The end of the 
waveguide 2 which connected the other end to the microwave oscillator (not shown) is connected to said 
microwave installation aperture la, and gas supply line lc which supplies reactant gas to the outside of 
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microwave installation aperture la projects the tip in the plasma production room 1, and is connected. 
[0012] It is made as [ exhaust / the inside of the sample room 3 exhaust pipe 5a which stands in a row on 
the side attachment wall of the plasma production room 1 is connected / sample / to the exhauster 5, and 
it connected / sample / exhauster / through exhaust pipe 5a at the inside of the plasma production room 
1, and this with the exhauster 5 ]. They are [ these and ] exiting coils 14 and 15 concentrically so that the 
end section of the waveguide 2 connected to the plasma production room 1 from the connection of 
exhaust pipe 5a of the plasma production room 1 may be covered and these may be surrounded around 
the downward plasma production room 1 from the connection of said exhaust pipe 5a. It is arranged, 
respectively. 

[0013] In the sample room 3, the installation base 9 is arranged in plasma drawer aperture lb and the 
location which counters, and the samples S, such as a wafer, are laid removable with means, such as 
remaining as it is or electrostatic adsorption, on it. Moreover, gas supply line 3a which supplies reactant 
gas projects the tip in the sample room 3, and is connected to the side attachment wall of the sample 
room 3. 

[0014] When carrying out etching processing of the sample S with such equipment, supplying reactant 
gas to the plasma production room 1 and the sample room 3 through gas supply lines lc and 3 a, exhaust 
the inside of the plasma production room 1 and the sample room 3 with an exhauster 5 through exhaust 
pipe 5a, and a necessary degree of vacuum is held. Exiting coils 14 and 15 While forming a field, 
impress the RF electric field by microwave to the plasma production room 1 from microwave 
installation aperture la, and the plasma is made to generate. They are exiting coils 14 and 15 about the 
generated plasma. By the emission field formed, it leads on the outskirts of sample S in the sample room 
3 from the plasma production room 1, and etching processing is performed to a sample S front face. 
[0015] Next, the result of having compared equipment this invention equipment and conventionally is 
explained. Drawing 2 is a graph which shows the relation between the gas pressure of the plasma 
production interior of a room, and the gas pressure of the sample interior of a room, and compares 
equipment this invention equipment and conventionally. In both equipments, it is C12 as reactant gas. It 
is 10 seem about gas. The plasma production room and the sample room were supplied in the rate of 
flow, and gas pressure was continuously changed by changing the displacement of an exhauster. In the 
range measured so that clearly from drawing 2 , this invention equipment always has the gas pressure of 
the sample interior of a room [ equipment ] conventionally higher than the gas pressure of the plasma 
production interior of a room [ gas pressure / of the sample interior of a room ] to what is always lower 
than the gas pressure of the plasma production interior of a room. And if both difference sets gas 
pressure of the plasma production interior of a room to 5xlO-4Torr which is a necessary value, although 
the gas pressure of the sample interior of a room is 3.5 xlO-4Torr with equipment conventionally, with 
this invention equipment, it is lxl0-3Torr and is maintained at conventionally twice as high the 3 times 
as many abbreviation in the case of equipment as this again gas pressure as the gas pressure of the 
plasma production interior of a room. 

[0016] Drawing 3 is a graph which shows the relation between the gas pressure of the plasma production 
interior of a room, and the electron temperature of the generated plasma, and drawing 4 is a graph which 
shows the relation between the gas pressure of the sample interior of a room, and an etch rate. Both the 
****** round mark shows this invention equipment, and the black dot mark shows equipment 
conventionally, ECR excitation of the reactant gas of the conditions mentioned above was carried out in 
mu wave power 900 W, and the resist was etched for the polish recon film deposited on the 6 inches 
silicon wafer as a mask. In addition, electron temperature was measured in the location of a plasma 
drawer aperture. 

[0017] Conventionally, electron temperature is high as this invention equipment and the gas pressure of 
the plasma production interior of a room [ equipment ] become low, and both of the value are almost the 
same so that clearly from drawing 3 . And as a result of etching said wafer by the plasma which the gas 
pressure of the plasma production interior of a room was changed from lxlO-4Torr to 5xl0-3Torr, and 
generated it, by the pressure of 1x10 to 3 or more Torrs, etching was advancing to the inside [ resist 
pattern ], sufficient anisotropy configuration was not acquired, but when gas pressure was lowered to 
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5x10 to 4 or less Torrs, the side attachment wall was able to become perpendicular and the necessary 
anisotropy configuration was able to be acquired. 

[0018] Moreover, conventionally, the etch rate is slow as the gas pressure becomes [ this invention 
equipment and the gas pressure of the sample interior of a room / equipment ] low bordering on 1x10-. 
3Torr, so that clearly from drawing 4 . And the value is almost the same, without both receiving effect in 
the gas pressure of the plasma production interior of a room, although [ therefore, ] the gas pressure of 
the sample interior of a room in equipment of the etch rate at this time was abbreviation 1,500 **/min in 
3.5 xlO-4Torr conventionally from drawing 2 and drawing 4 when gas pressure of the plasma 
production interior of a room was set to 5xlO-4Torr in order to acquire a necessary anisotropy 
configuration like the above-mentioned for example, ~ receiving — the gas pressure of the sample 
interior of a room in this invention equipment — lxl0-3Torr — it is — the etch rate at this time — 
abbreviation 1 ,900 * * / min it was . 

[0019] Drawing 5 is the mimetic diagram showing other examples of a configuration of this invention 
equipment, and has connected exhaust pipe 5b which stands in a row in the up wall edge periphery of 
the plasma production room 1 at an exhauster 5. In addition, a same sign is given to the same thing as 
drawing 1 in drawing, and the explanation is omitted. The case where this invention equipment is 
connected to the side attachment wall of the plasma production room [ in / as such a configuration / 
drawing 1 ] 1, and its effectiveness do not change like drawing 5 . Moreover, drawing 6 is the mimetic 
diagram showing the example of a configuration of further others, and the exhaust pipes 5a and 6a 
which stand in a row in exhausters 5 and 6 at the plasma production room 1 and the sample room 3 are 
connected to each **. By considering as this **** configuration, a plasma production room and the gas 
pressure of the sample interior of a room are controllable to a precision. 
[0020] 

[Effect of the Invention] If it is in the plasma equipment of this invention as explained in full detail 
above, since the plasma of high activity can be generated without reducing processing speed, a quality 
product can be manufactured and this invention — a throughput is high — does the outstanding 
effectiveness so. 



[Translation done.] 
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